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ROTATIONALLY STABILIZED CONTACT LENSES 



5 



Field of the Invention 



The invention relates to contact lenses. In particular, the invention provides 
contact lenses that incorporate the wearer's corneal shape into the back surface of 
the lens to stabilize the orientation of the lens in relation to the eye. 



It is known that correction of certain optical defects can be accomplished by 
imparting non-spherical corrective characteristics to one or more surfaces of a 
contact lens, such as cylindrical, bifocal, or multifocal characteristics. The use of 
contact lenses with these characteristics is problematic in that the lens must be 
15 maintained at a specific orientation while on the eye to be effective. However, the 
lens will rotate on the eye due to blinking as well as eyelid and tear fluid movement. 

Lenses designed to maintain their on-eye orientation typically are of two 
general types. One type uses prism stabilization to maintain the lens orientation. 
20 Examples of prism stabilization methods include decentering of the lens' front 

surface relative to the back surface, prismatic balancing, thickening of the lower lens 
edge, supporting the lens on the lower eyelid, forming depressions or elevations on 
the lens' surface, and truncating the lens edge. 

25 A second type, dynamically stabilized lenses, uses the movement of the 

eyelids to maintain lens orientation. Dynamic stabilization methods include 
reducing the thickness of the lens' outer surface at two symmetrically lying regions, 
thickening two outer regions in the horizontal center axis, and thinning, or slabbing 
off, top and bottom zones on the lens. 



10 



Background of the Invention 



30 



The known methods for maintaining lens orientation suffer from a number 
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of disadvantages including that the lenses incorporating the methods require 
specialized tooling for production and are uncomfortable to wear, and that the 
5 known methods are not highly effective. Thus, a need exists for a method of 
maintaining angular orientation that overcomes some of these disadvantages. 

Brief Description of the Drawings 
FIG. 1 illustrates a magnified, cross sectional view of a conventional soft 
10 contact lens on a cornea. 

FIG. 2 illustrates a magnified, cross sectional view of a contact lens of the 
invention on a cornea. 

Detailed Description of the Invention and Preferred Embodiments 
15 It is a discovery of the invention that a rotationally stabilized contact lens 

may be obtained by incorporating the shape of the lens wearer's comea onto the 
concave, or back, surface of the lens. The invention provides an effective method, 
and lenses incorporating that method, for on-eye lens stabilization that is produced 
without any specialized, off-axis tooling. Additionally, the invention provides a lens 
20 that is more comfortable to wear in comparison with conventional stabilized contact 
lenses. 

In one embodiment, the invention provides a method for producing 
rotationally stabilized contact lenses comprising, consisting essentially of, and 
25 consisting of: a.) determining the shape of a cornea; and b.) forming a lens 

comprising, consisting essentially of, and consisting of a concave surface of a shape 
corresponding to the shape of the cornea. 

In another embodiment, the invention provides a contact lens comprising, 
30 consisting essentially of, and consisting of a contact lens having a convex 
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surface and a concave surface, the concave surface comprising, consisting 
essentially of, and consisting of a shape corresponding to the shape of a cornea. 

5 

By "corresponding" is meant that a portion or all of the lens' concave surface 
is substantially superimposable onto the lens wearer's cornea. Preferably, in the lens 
of the invention, the central portion of the back surface corresponds to the cornea's 
shape. The portion of the cornea to which this central portion corresponds is that 
10 portion which the lens overlays while in use on the eye. In the preferred 

embodiment, a central portion of the lens is an area of about 8 to about 10 mm in 
diameter centered at the lens' center. 

In the first step of the method of the invention, the shape of the cornea of the 
15 person who will wear the lens being produced is determined. The cornea's shape 
may be determined by any of the known methods including, without example, 
observation of the cornea with a corneal topographer or corneal video keratoscope. 
Any of a variety of known methods for acquiring corneal topographic data may be 
used. Suitable methods include, without limitation, use of the Moire technique, use 
20 of commercially available corneal topography measuring apparatuses, and the like 
and combinations thereof. 

For purposes of forming a lens using the topographic data, the data is 
transformed mathematically into data on the elevation above and below the mean 

25 spherical surface of the cornea and the elevation data is then transformed into a grid 
pattern. The grid pattern may be of a rectilinear, polar concentric, or spiral format 
corresponding to the mechanism by which the back lens surface or lens mold or 
insert may be tooled using a computer numeric controlled lathe, mill, or bit 
addressable device. Alternatively, the surface may be formed by tooling or lathing 

30 using a programmable laser ablation device. 
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The lenses of the invention may be either hard or soft contact lenses. 
Preferably, the lenses are soft contact lenses. The lenses of the invention may have 
any of a variety of corrective optical characteristics incorporated onto the convex, or 

5 front, surface, the concave, or back surface, or both surfaces. For example, the lens 
may have any one or more of spheric, aspheric, bifocal, multifocal, prismatic, or 
cylindric corrections. The invention may find its greatest utility in lenses in which at 
least one of the corrective characteristics requires that the on-eye orientation of the 
lens with respect to the eye remains stable. In a preferred embodiment, the lens of 

10 the invention is a toric, soft contact lens meaning that the soft contact has a 
cylindrical optical surface, or power, to correct for the wearer's astigmatism. 

In a more preferred embodiment, the lens is a lens customized for a 
particular lens wearer, such as a customized, topographically fitted contact lens. 

15 Such lenses may be provided by using ocular optical wavefront measurements 
carried out using, for example, the output of a crossed cylinder aberroscope, a device 
that measures ocular Modulation Transfer Function via point spread or line spread, 
or any similar device which measures, estimates, interpolates or calculates the ocular 
optical wavefront. The ocular optical wavefront information concerns the optical 

20 components of the eye, including the cornea, crystalline lens, system length, tilts, 
decentrations of the elements of the eye, asymmetrical irregularities, and 
asphericities. 

The required changes in lens surface elevation or slope to achieve correction 
25 of the total ocular wavefront aberration may be implemented on the concave surface 
only, the convex surface only, or a combination thereof. The required surface 
elevation or slope changes will take into account the elevation changes required to 
fit and correct the irregularities in the corneal topography. In the case of a soft lens, 
because the soft lens wraps to the underlying shape of the cornea, the combined 

30 
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elevation changes determined by the corneal topography and ocular wavefront 
aberration may be applied to the convex surface only, the concave surface only, or a 
5 combination thereof. 

In the customized, topographically fitted lens preferred embodiment, 
conventional sphere-cylindrical prescriptive information also may be used in 
designing and forming the lens. This information includes the distance sphere, 

10 distance astigmatic cylinder power and axis, and the near vision power, if required. 
This information may be determined using conventional subjective refraction 
techniques. Alternatively, the sphere, cylinder and axis may be determined based on 
an analysis of the wavefront accomplished, for example, by reducing the Hartmann 
Shack wavefront data to Zemike coefficient terms, and using the relevant terms to 

15 derive the sphere, cylinder and axis information. 

Although the lenses of the invention may be hard or soft lenses, preferably 
the material selected for forming the lenses of the invention is a material suitable for 
producing soft contact lenses. Suitable preferred materials for forming soft contact 

20 lenses using the method of the invention include, without limitation, silicone 
elastomers, silicone-containing macromers including, without limitation, those 
disclosed in United States Patent Nos. 5,371,147, 5,314,960, and 5,057,578 
incorporated in their entireties herein by reference, hydrogels, silicone-containing 
hydrogels, and the like and combinations thereof. More preferably, the surface is a 

25 siloxane, or contains a siloxane functionality, including, without limitation, 

polydimethyl siloxane macromers, methacryloxypropyl polyalkyl siloxanes, and 
mixtures thereof, silicone hydrogel or a hydrogel, such as etafilcon A. 

In the case in which the lens of the invention is a soft contact lens, initially, 
30 the elevation data is applied to the contact lens model in an unflexed state. The 
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contact lens back surface is ultimately shaped to correspond to the corneal surface 
taking into account lens flexure, or wrap, when the lens is placed on the eye. 
5 Typically, soft lenses are flatter than the cornea on which they are placed. Thus, 
both elevation and wrap must be considered when utilizing the original corneal 
topographic data to make a soft contact lens surface or mold insert. 

The flexure transformed elevation data may be mapped onto a CNC grid 
10 pattern and used to make a lens or a mold tool surface. The resulting lens utilizing 
such information will be a lens that exhibits fluctuations in thickness on the grid 
pattern which may or may not be rotationally symmetrical about the center of the 
lens. When the manufactured soft lens wraps perfectly to the underlying cornea, the 
fluctuations in surface elevation will typically disappear. In this way, corneal 
15 irregularities may be neutralized and optical aberrations due to irregular corneal 
topography may likewise be substantially eliminated. To achieve any additional 
degree of optical correction, such as spherical or astigmatic focus, appropriate 
curvatures may be incorporated in the front surface, back surface, or both front and 
back surfaces of the lens. 

20 

For practical considerations, it is assumed that the ideal cornea is spherical. 
In such a case, the actual corneal elevations and their best spherical fit, in a least 
squares sense, are denoted by f(x) and g(x), respectively. The function g(x) is part 
of a sphere having radius Ri. 

25 

In general, the radius R2 of the unflexed soft contact lens is spherical and is 
larger than that of the best spherical fit, g(x). Accordingly, the first step is to 
transform the corneal elevations fix) into a larger scale for which the best spherical 
fit will have a radius equal to R 2 . One approach in simplifying the transformation is 
30 to represent the function f(x) in polar coordinates as f(9). Then, using a scale factor, 
a = R2/R1, the scaled version of the corneal elevation may be expressed as: 
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f< l >(8) = a f(9) 



0) 



The scaled up corneal elevation f^G) is scaled down so that the area 
covered by the soft lens corresponds to the area of the cornea. In a two dimensional 
case, this scaling down is obtained according to the following relationship: 



The mapping transformations given in Equations (1) and (2) are not 
restricted to the case in which the comea and the back surface of the contact lens are 
15 spherical. Rather, the true corneal and lens curvatures, as measured by a 
videokeratoscope, may be used to calculate the scale parameter a as a ratio between 
the lens and the corneal radius of curvature. In the general case, the scale parameter 
will be a function of 9, i.e., a - R 2 (e)/R,(8) = a(6). 

20 The mapping transformation discussed above may be generalized to the case 

of three dimensional transformation. In such a case, the corneal elevations may be 
represented by a function, fl(9,<p), where 9 and <p represent the azimuth and elevation 
angle, respectively. As discussed above, the original elevation data is scaled up 
from a radius of curvature Ri (9,p) onto a surface having a radius of curvature R2 

25 (9,<p) using the following transformation relationship: 



10 



f< 2) (8) = a - 1 f* 1 ' [(9 - 7t/2)/a + n/2] + R 2 (1-1/a) 



(2) 



f (1) (9,(p) = afl[9,<p) 



(3) 



where a = R 2 (8,<p)/Ri(9,<p). 

30 
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To obtain a desired back surface of the soft contact lens, the function f^CG.cp) 
is scaled back down, as discussed above. However, in the three dimensional case, 
there are a number of options to choose from in performing the scaling operation 
5 such that the area is preserved. For example, if it is assumed that the deformation of 
the material is uniformly radial, the scaling may be performed by scaling the 
elevation angle only, leaving the original azimuth angle. This is expressed in the 
following relationship: 

10 

f< 2) (e,(p) = a ° P> [9, (a - 7t/2)/a + n/2] + R 2 (1-1/a) (4) 

Referring to FIG. 1, a conventional soft contact lens 10 is shown. The 
15 disadvantage of using a conventional lens on a typical cornea, which has an irregular 
shape, is that the convex surface 11 of the lens assumes the irregular shape of the 
cornea. Assumption of this shape makes correction of aberrations of an order higher 
than the first difficult, thus, providing a less than optimal image. Additionally, when 
the convex surface assumes the shape of the cornea, increased lens movement on the 
20 eye may result. 

In Fig. 2, a soft contact lens 20 of the invention is shown. Concave surface 
21 of lens 20 has a shape corresponding to the shape of the cornea 22. By providing 
this corresponding shape, the lens is rotationally stabilized. Further, convex surface 
25 23 of the lens will not assume the shape of the cornea making it possible to correct 
high order aberrations, if desired. 
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What is claimed is: 

5 1. A method for producing rotationally stabilized contact lenses comprising the 
steps of: a.) determining the shape of a cornea; and b.) forming a lens comprising of 
a concave surface of a shape corresponding to the shape of the cornea. 

2. The method of claim 1, wherein a central portion of the back surface 
10 corresponds to the shape of the cornea. 

3. The method of claim 2, wherein the central portion is about 8 to about 10 
mm in diameter. 

15 4. The method of claim 1 , wherein the determining step is carried out by using 
corneal topography 

5. The method of claim 4, wherein the forming step comprises: 
(i.) transforming topographic data into elevation data; and 

20 (ii.) transforming, subsequently to substep (i.), the elevation data into a 

grid pattern corresponding to a mechanism for forming the back surface or a lens 
mold insert for use in forming the back surface. 

6. The method of claim 5, further comprising (Hi.) using the grid pattern to 
25 form the back surface or lens mold insert using a programmable laser ablation 

device. 

7. A method for producing a rotationally stabilized soft contact lens comprising 
the steps of: a.) determining the shape of a cornea; and b.) forming a lens 

30 comprising of a concave surface of, a central portion of the concave surface 
corresponding to the shape of the cornea. 
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8. The method of claim 7, wherein the central portion is about 8 to about 10 
mm in diameter. 

5 

9. The method of claim 7, wherein the determining step is carried out by using 
corneal topography and the forming step comprises: 

(i.) transforming topographic data into elevation data; and 
(ii.) transforming, subsequently to substep (i.), the elevation data into a 
10 grid pattern corresponding to a mechanism for forming the back surface or a lens 
mold insert for use in forming the back surface. 

10. The method of claim 9, further comprising (Hi.) using the grid pattern to 
form the back surface or lens mold insert using a programmable laser ablation 

15 device. 

11. A method for producing a customized, topographically fitted, rotationally 
stabilized, soft contact lens comprising the steps of: a.) determining the shape of a 
cornea; and b.) forming a lens comprising of a concave surface of, a central portion 

20 of the concave surface corresponding to the shape of the cornea. 

12. The method of claim 1 1 , wherein the central portion is about 8 to about 10 
mm in diameter. 

25 13. The method of claim 1 1, wherein the determining step is carried out by using 
corneal topography and the forming step comprises. 

(i.) transforming topographic data into elevation data; and 
(ii.) transforming, subsequently to substep (i.), the elevation data into a 
grid pattern corresponding to a mechanism for forming the back surface or a lens 
30 mold insert for use in forming the back surface. 
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14. The method of claim 12. further comprising (Hi.) using the grid pattern to 
form the back surface or lens mold insert using a programmable laser ablation 
device. 

15. A contact lens produced by the method of claim 1 . 

16. A contact lens produced by the method of claim 7. 



10 



17. 



A contact lens produced by the method of claim 11. 
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